Encoding Time-series Ground Motions as Images for Convolutional
Neural Networks-Based Seismic Damage Evaluation
Xinzhe Yuan, Liujun Li, Genda Chen
Civil Engineering Department of Missouri University of Science and Technology

UNI VERSIMRANBPORWION CENTER

LED BY MISSOURI S&T

INTRODUCTION
Earthquake records can be encoded as images to classify their
resulting damage states to structures based on convolutional
neural networks (CNNs). Different encoding techniques such as
Recurrence Plot (RP) and Wavelet Transform (WT) can be used
to transfer earthquake records to images. Presently, no
consensus has been reached on the understanding of the most
suitable encoding technique for CNN-based seismic damage
classification. In this study, we develop a new encoding
technique based on Time-series Segmentation (TS) and
compare it to state-of-the-art RP and WT techniques. These
techniques are mainly compared based on their classification
accuracy and computation efficiency.

RESULTS

CONCLUSIONS (cont.)

A four-story benchmark r/c frame structure is used as the casestudy structure. The classification accuracy of test earthquake
records by different evaluation models is shown in Figure 2.

to 0.34 s. Both classification accuracies are comparable to
79.4% from the IM-based LR model.
For small-scale training with limited structures or ground motion
records, we recommend WT 1000x100 for better accuracy. For
large-scale training, we recommend TS 100x100 for higher
efficiency while maintaining the same order of accuracy. With an
increasing AVD image size, it costs more time to encode the
ground motion and train the corresponding CNN model with
more learnable parameters. Overall, the CNN-based seismic
damage prediction of each AVD image only costs less than 5
milliseconds. Once the CNN models of target structures are well
trained, they can be saved to run near-real-time damage
evaluation for future earthquake events.

Table 1. RP, WT, and TS encoding techniques of earthquake records
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Figure 2. Accuracy comparison of different damage evaluation models
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The computation efficiency comparison of the RP, WT and TS
image encoding techniques for CNN-based damage classification
is shown in Table 2.
Table 2. Computation efficiency comparison of WT, RP and TS
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Figure 1. CNN-based seismic damage classification of earthquake records

The objective to explore suitable image encoding techniques
and corresponding image sizes for CNN-based seismic damage
evaluation based on a specific code-conforming benchmark
building is achieved in this study. However, more research must
be conducted to understand the effect of different types of
structures (e.g., bridges) on CNN training and validation, and in
particular the influences of material, geometry, and structural
capacity uncertainties on the CNN classification accuracy. Even
so, the three-channel WT-based AVD images with a size of 1000
(width) x 100 (height) and TS 100x100 show great potential for
CNN-based seismic damage evaluation.
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